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TERhlINAL SYNCHRONES IN TiiE TAIL OF COPET 1965f 
i I ,  G ,  Solberg,  Jr. 
N e w  Hexico S t a t e  Universi ty  Observatory 
Univers i ty  P a r k ,  N e w  Mexico 
2 3 8-/) 
Positional measurements were mde  of six synchrones 
i n  the t a i l  of  Comet Ikeya-Seki, 1365f. These syncbones 
were emitted during a 43-hour period beginning 22 hours 
a f t e r  perihelion passuge, During the observed interval,  
26 October t o  1 November 1965, the synchrones moved out- 
mrd from the coma u i t h  constant ve loc i t ies  between 52 
and 87 km/sec. 
INTRODUCTION 
After pass ing  p e r i h e l i o n  on 2 1  October 1965, Comet Ikeya-Seki, 
1965f developed a long t a i l  which d isp layed  s e v e r a l  wel l -def ined,  
r ay - l ike  s t r u c t u r e s .  These t e r r i n a l  synchrones were photographed 
a t  the  N e w  P4exico S t a t e  Universi ty  Observatory between 26 October 
and 5 November 1965, Figure 1 shows t h e  synchrones as they appeared 
on 2 8  October. 
The p o s i t i o n  ang le s  of the synchrones were determined by 
measuring t h e  o r i g i n a l  nega t ives  with a blann measuring machine, and 
have a mean probable  e r r o r  of  +0:36.  The end p o i n t s  of t h e  synchrones 
were measured t o  wi th in  + O f 1  by p r o j e c t i n g  t h e  o r i g i n a l  nega t ives  onto 
an  k t l u s  Ecl ip t ica l i s ,  On two da te s ,  however, i t  was found t o  be more 
p r a c t i c a l  t o  measure t h e  p o s i t i o n s  o f  t h e  two f a i n t e s t  synchrones from 
. .  
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high c o n t r a s t  photographic p r i n t s  The angular  s e p a r a t i o n  between 
t h e  c o m  and the  syndirones was converted t o  as t rononucal  u n i t s  u s ing  
supplementary i n f o r m t i o n  contained i n  IA 'J  Cii9euZa.m 1930 and 1931 
The v e l o c i t i e s  and da te s  of  e u i s s i o n  of t h e  synchsones were 
c a l c u l a t e d  us ing  t h e  lilethod of least  squares  The u n c e r t a i n t i e s  
involved were q u i t e  s n a l l ;  the v e l o c i t i e s  of t h e  synchrones were 
found t o  wi th in  &% ( p , . e o > 2  and t h e  tinies of  e i~ i i ss ion  were unce r t a in  
by about * l o  u inu te s  ( p C e G ) .  
RESULTS 
S i x  synchrones were observed, and are nunbered i n  o r d e r  of 
e j e c t i o n ,  'I'iie south ends of a l l  t h e  rays ,  as we l l  as t h e  no r th  ends 
of nur;lbers 4 arid 6,  riere i~ieasured, Since t h e  o t h e r  fou r  synchrones 
d id  n o t  extend couipletely across  t h e  t a i l ,  as shown i n  Figure 1, i t  
was no t  p o s s i b l e  t o  make accura te  ~ l e a ~ u ~ e ~ i l e n t ~  o f  t h e i r  no r th  ends. 
The f i rs t  two synchrones facied very r a p i d l y  a f t e r  28  October; con- 
sequent  l y ,  only two p o s i t i o n s  were obta ined ,  
no g r e a t  change i n  appearance as  they  ilioved away froiii t he  head of 
t he  comet, 
The o t h e r  f o u r  showed 
Visual  observa t ions  (Solberg and Minton, 1965) show a g r e a t  
i n c r e a s e  i n  t h e  b r i g h t n e s s  of  t h e  comet about a week before  p e r i -  
h e l i o n ,  i n d i c a t i n g  cons iderable  a c t i v i t y  as t h e  coi.iet approached 
t h e  sun, 
passage ,  
t o r y  (ikssden 1%5> shou a syrichrone- l i k e  br ipi i tening which 
appeared i n  the  t a i l  a2proxiicately 90 iiiinutes p r i o r  t o  p e r i h e l i o n  
Th i s  a c t i v i t y  alr,lost c e r t a i n l y  continued a f t e r  p e r i h e l i o n  
Photographs by ;loriyaiiia and o t h e r s  a t  t h e  Tokyo Observa- 
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passage a The Japanese astronomers a l s o  observed d i s i n t e g r a t i o n  of  t h e  
comet head, beginning 25 minutes be fo re  p e r i h e l i o n  passage.  Visual  
observa t ions  by observers  using l a r g e  ape r tu re s  (IAU Circular 1937) 
show a f u r t h e r  s p l i t t i n g  of t h e  comet's nuc leus ,  which probably took 
p l a c e  about 28 October.  This  a c t i v i t y  be fo re  and a f t e r  p e r i h e l i o n  
passage is probably r e l a t e d  t o  t h e  formation of  t h e  synchrones.  
Figure 2 i n d i c a t e s  f o u r  s epa ra t e  expuls ions  of  m a t e r i a l  s h o r t l y  
a f t e r  p e r i h e l i o n ,  assuming t h e  v e l o c i t i e s  of t h e  synchrones were con- 
s t a n t  throughout t h e i r  l i f e t i m e s ,  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  
both ends of synchrones 4 and 6 were emi t t ed  a t  n e a r l y  t h e  same time. 
This  i s  c o n s i s t e n t  with t h e  theory t h a t  synchrones are composed of  
d i f f e r e n t  s i z e d  p a r t i c l e s  which undergo d i f f e r e n t  f o r c e s  of r epu l s ion  
(Wurm, 1963).  
V e l o c i t i e s  between 52 and 87 km/sec were measured. These va lues  
agree wel l  w i t h  t h e  v e l o c i t i e s  o f  synchronous s t r u c t u r e s  i n  t h e  t a i l  
of Comet 1957d (McClure and Li l ler ,  1958).  During t h e  observed i n t e r -  
v a l ,  however, t h e  v e l o c i t i e s  of t h e  1965f synchrones were cons t an t ,  
un l ike  t h e  1957d synchrones which underwent a c c e l e r a t i o n s  o f  approx- 
imate ly  2 . 4  cm/sec . 
v e l o c i t y ,  t h e  t a i l  i s  considered t o  be  composed of dus t  (Wurm, 1963).  
2 When synchrones move outward with a cons t an t  
The p o s i t i o n  angles  of the synchrones inc reased  s l i g h t l y ,  a s  
shown i n  Table 2 ,  because they maintained t h e  same o r i e n t a t i o n  t o  
t h e  edges of  t h e  t a i l  a s  they moved i n t o  t h e  curved p o r t i o n  of  t h e  
t a i l  
The cons t an t  v e l o c i t i e s  of t h e  synchrones i n d i c a t e  t h a t  t h e  sum 
o f  t h e  inward r a d i a l  fo rces  balanced t h e  sum of  t h e  outward r a d i a l  
* .  
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fo rces ,  However, t h e  na tu re  and magnitude o f  many of  t h e s e  f o r c e s  
are unknown; i n  a d d i t i o n  t o  t h e  well-known s o l a r  g r a v i t a t i o n a l  and 
e lec t romagnet ic  r a d i a t i o n  f i e l d s ,  t h e  less understood s o l a r  corpus- 
cu la r  r a d i a t i o n ,  s o l a r  and i n t e r p l a n e t a r y  magnetic f i e l d s  and t h e  
i n t e r p l a n e t a r y  medium could a l s o  have been involved,  
would i n t e r a c t ,  t o  a varying ex ten t ,  with t h e  p a r t i c l e s  o f  t h e  t a i l ,  
and would, t he re fo re ,  con t r ibu te  t o  t h e  equa t ions  of motion o f  t h e  
synchrones 
These f o r c e s  
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I 
Synch rone 
1 
2 
3 
TABLE I 
VELOCITIES AND DATES OF EXPULSION OF SYNCIRONES 
Ve L oc i  t y 
(km/ses) 
86,6- 
81,4 
??,O 
57,8 
73,2  
69,4 
51.8 
66,7 
Date a f  
Expulsion P o E o  
Nwber of  
Observations 
2 
Limiting Dates - 
27 Oct-28 O C ~  
27  Oct-28 O c t  
27 Oct-1 NOV 
26 Oct-l NOV 
26 Oct-1 NOV 
28 Oct-l NOV 
28 Oct-1 NOV 
28 Oct-1 NOV 
2 
22,49  *0,002 6 
4 no  
S O  
22.50 0 002 
22,57  003 
a 
7 
5 23,52 004 5 
6 n. 
S O  
23,87 0 002 
23 ,88  ,001 
5 
5 
TABLE 11 
POSITION ANGLES OF TIE SYNCHRONES 
AND PROBABLE ERRORS 
1965 
October 
29 - 28 
272:6 2 7 3 2  275: 1 
00 2 0,4 Qo5 
-2 7  -Spchrone  26 
o _  -_ 3 
November 
1 
2 76: 6 
0.4 
277:O 
0 0 4  
4 268.5 272,2 270.7 269,O 
0. a 004 001 003 
272,5 
0.4 
273,2 
0,4 
267,s 
002 
269,9 
0.4 
262 3 
0 0 4  
263 6 
005 
